Abstract: Time-dependent aqueous extraction of six tea types was carried out with leaf-water-ratio of 0.5 g/100 ml, temperature of extraction 90°C and time of extraction ranging from 1 to 10 min. UV-vis spectroscopic analysis in the range varying from 220 to 900 nm of the aqueous tea extracts showed a prominent peak at 273 nm in the ultraviolet region which can be associated with n → π * electronic transition of caffeine molecules. Parabolic diffusion, Power law, hyperbolic, Weibull's and Elovich's models were fitted to represent the aqueous soluble component extraction behaviour for time-dependent extraction of aqueous extractables. Parabolic diffusion model, Power law and Elovich's model were a close fit to the experimental data for all the selected tea types with correlation coefficients (R 2 ) ranging 0.8029-0.9953, whereas hyperbolic and Weibull's models showed poor fitness to represent the extraction behaviour of fanning and AO leaf, LD, fanning and dust, respectively, with R 2 < 0.8, for time-dependent aqueous soluble component extraction.
Introduction
Tea is a non-alcoholic beverage consisting of infusions of the processed and dried leaves of the tea plant, Camellia sinensis (L). It is prepared from the young, tender leaves of tea plant which undergo
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The refreshing and soothing properties of tea are due to the hundreds of bioactive compounds such as polyphenols and caffeine, which are water soluble and are readily transferred to the hot brew. Efficient brewing shall contribute to the maximum release of desirable components and lesser release of undesirables, complemented with an attractive colour. In the present study, the timedependent aqueous extraction behaviour of different tea types has been observed using some solidliquid extraction models. 
Materials and methods

Parameters for aqueous extraction
Time-dependent aqueous extraction was carried out for the selected tea types with LWR of 0.5 g/100 ml, temperature of extraction as 90°C and extraction time ranging from 1 to 5 min and finally at 10 min interval.
UV-vis spectral analysis of the aqueous tea extract
UV-vis spectroscopic analysis in the range varying from 220 to 900 nm of the aqueous tea extracts showed a prominent peak at 273 nm in the ultraviolet region without any distinct peak in visible region ( Figure 2 ). Based on these findings, the subsequent experimentations were concentrated in ultraviolet spectroscopic analysis. Available empirical kinetic models were used to describe the behaviour of time-dependent extraction of the aqueous extractable tea components in terms of extraction yield at 273 nm.
Extraction models and model fitting
Available empirical models representing the extraction kinetics of present process in case of tea component extraction are represented (Table 1) . Fitting of these models and validation of extraction behaviour for active aqueous components of tea have been assessed. The considered models have also been used elsewhere in representing the extraction behaviour (Kitanović, Milenović, & Veljković, 2008; Cheung, Siu, & Wu, 2013) .
Adequacy and validation of model fitting
The regression model adequacy was assessed using statistical parameters such as coefficient of multiple determinations (R 2 ) together with statistical significance indexes, F and p values (Peck & Devore, 2012) .
Results and discussion
When electromagnetic radiation of the correct frequency is absorbed by a compound, an electron transition occurs from bonding molecular orbitals (σ or π) or non-bonding orbitals (n) to antibonding (Figure 3 ). UV-vis spectroscopic analysis of the aqueous tea extracts showed a prominent peak at 273 nm in the ultraviolet region. This region can be associated with n → π * electronic transition of caffeine molecules. The absorption band around 275 nm is related to the C=O chromophore absorption of caffeine (Souto et al., 2010) . This transition kinetics of aqueous extractables of tea is associated with electron excitation from loan-pair orbital localized on the oxygen to the π * orbital of the carbonyl group of caffeine (Swarbrick, 2006) . Figure 4 shows the change in the extraction yield (in terms of OD) with time for the six different tea types. In case of dust and fannings, a higher initial yield is observed which may be due to their finer particle size and an increased surface area which may enhance the extraction efficiency of water. AO Leaf and LD showed a comparatively lower initial yield than dust and fannings, which may be due to twisted and folded leaf structures which take some time to hydrate and allow water penetration. FBOP showed the lowest initial extraction yield, which may be due to its lowest bulk density compared to other types, which makes it float on the water surface until its leaves get hydrated and swollen. Table 2 shows the coefficient of multiple linear regression fit of the experimental data to different kinetic models for the different tea types and the corresponding model parameters. Parabolic diffusion model showed good fitness to represent the extraction behaviour for all the selected tea types 
Table 1. Empirical kinetic models of solid-liquid extraction
Model
Model equation Linearized form
Parabolic diffusionq = A 0 + A 1 t
1∕2
Power lawq = Bt n ln q = ln B + n ln t
with R 2 ranging from 0.9277 to 0.9930. It characterizes a two-stage extraction process, an initial washing stage (to an initial yield A 0 ) followed by a slow stage (with yield increasing linearly with t1/2).The tea suspended in water usually aggregated into soft and loose flocks which was more accessible to the water. Figure 5 shows the plot of extraction yield versus time for the selected tea types with parabolic diffusion model. The Power law also satisfactorily represented the extraction behaviour of the selected tea types with R 2 ranging from 0.9208 to 0.9923. This model is the most applicable for extraction of a substance from a non-swelling device (Sinclair & Peppas, 1984) with a diffusion exponent n < 1 for extraction of plant materials (Kitanović et al., 2008) . As observed during the experiments, tea leaves/grains appeared well dispersed in water, suggesting a higher degree of rigidity and similarity to a non-swelling device. Figure 6 shows the plot of extraction yield vs. time for the selected tea types with linearized Power law model. The hyperbolic model showed good fitness to represent the extraction behaviour of the selected tea types except fanning with R 2 ranging from 0.8854 to 0.9953. This model represents an extraction kinetic behaviour that is first order, with the yield increasing linearly with time in the initial stage and zero order in the very late stage, with the yield reaching maximum. All the tea types, except fannings, showed the same extraction behaviour, which shows a little deviation from this extraction behaviour (Figure 4 ). This deviated extraction behaviour of fannings makes hyperbolic model unsuitable for it with the R 2 of <0.8. Figure 7 shows the plot of extraction yield vs. time for the selected tea types except fanning with linearized assuming that leaching rate decreases exponentially with increasing extraction yield. Figure 9 shows the plot of extraction yield vs. time for the selected tea types with Elovich's model. A kinetic model showing a close fit to the experimental data with a large coefficient of multiple regression (R 2 ) value also had a large F and small p value from regression, indicating the statistical significance of the model fit (Tables 2 and 3 ).
Conclusion
The absorption peak observed at 273 nm of the tea extracts owes to n → π * electronic transition of caffeine molecules. Extraction behaviour as represented through parabolic diffusion model, Power law and Elovich's models was a close fit to the experimental data for all the selected tea types except for hyperbolic and Weibull's models which showed poor fit to represent the extraction behaviour of fanning and AO leaf, LD, fanning and dust, respectively. 
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